Abstract. Stars of the Sirius, Coma Berenices, Hyades, Pleiades, Wolf 630, Dehnen 6, Dehnen 14, HR 1614, η Cephei, γ Leo streams, the newly identified two subgroups of the Hercules stream, and the streams BB 14, BB 17, BB 20, and BB 21 are selected using the components of space velocities from three independent catalogs. The relationship between their ages, metallicities and relative abundances of α-elements are studied. The data of the three catalogs show slightly different properties for each of the streams studied. However, the general tendency shows that the dependences studied for the stars within the streams hardly differ from those found for the field stars with the corresponding velocities. The dependences found confirm the assumption that all of the streams studied could have been formed as a result of resonance effects due to the Galactic bar or spiral density waves acting on field stars.
INTRODUCTION
The existence of stellar streams first came into the focus of attention in the late 19th century. At first, stars of streams were identified by common motion relative to the Sun. Starting from works by Eggen (see Eggen 1969 , and references therein), stream members are identified by the components of space velocities. Currently, the nature of all of the stellar streams is not believed to be the same, and there are several causes of their origin. According to the quite popular view, the most massive streams might have been formed as a result of perturbations from the field of asymmetric components such as spiral waves (as regards, in particular, Hyades, Pleiades, Sirius, Coma Berenices) (see, for example, Antoja et al. 2009 Antoja et al. , 2011 or a bar (the Hercules stream) (see Dehnen 2000; Minchev et al. 2010 ) acting on stars. Currently, the resonant mechanism hypothesis is considered to be the most believable explanation of the origin of most of the moving groups (Antoja et al. 2008) . This view has prevailed, mainly due to the fact that a detailed analysis has revealed a large range of ages among the stars of such streams (see, for example, Famaey et al. 2005) . It is possible that some streams could have been formed from disrupted open clusters (HR 1614) (Eggen 1996) . Finally, stellar streams with high residual velocities are apparently of extragalactic origin. A new round of the study of streams began when the researchers started acquiring spectra of stars belonging to such streams on a mass scale. These studies bring the chance to confirm or disprove the common origin of stars of each stream using information on the abundances of various chemical elements.
Different studies came to contradictory conclusions about the properties of stars of different streams, and therefore in this study we performed a comparative analysis of the chemical composition and ages for several most populated streams using three independent catalogs.
INITIAL DATA
In their recent paper Bobylev & Bajkova (2016) used a wavelet analysis to identify 24 candidate moving groups in a sample of 47 304 stars within 250 pc of the Sun that have the most accurate determinations of radial velocities, proper motions and distances drawn from RAVE DR4 catalog (Kordopatis et al. 2013) . The resulting list is the most extensive sample of stars close to the Sun with known velocities, and therefore the stream centers in the space of velocity components determined by these data can be regarded as the most reliable. Unfortunately, the ages, metallicities, and the relative α-element abundances listed in the original catalog are of interest only from statistical point of view, and are of little use for individual stars. Therefore, we examined the chemical composition and ages of stars in the streams using other large samples of nearby stars, namely, the ones from Bensby et al. (2014 ) -714 stars, Borkova & Marsakov (2005 -876 stars, and Casagrande et al. (2011) -10 361 stars. The first two catalogs give spectroscopically determined stellar parameters and elemental abundances, whereas the parameters given in the third catalog are determined from photometry. We determined the velocity components relative to the Sun for stars in all three catalogs. To identify stream stars, we used the method of kinematic selection given by Bensby et al. (2003) . This method assumes that the space velocity components of the stellar streams are normally distributed. For our study we used the centers of the most populated streams in the U V -velocity plane (velocities relative to the Sun) from Table 3 of Bobylev & Bajkova (2016) 
for all streams. We adopted the dispersions of U , V , and W velocities for all streams to be of about 5, 4, and 10 km s −1 , with variations within small limits as inferred from a wavelet maps of velocity components in Fig. 3 in Bobylev & Bajkova (2016) . To calculate the membership probability of each star in a certain stream, it is necessary to know the fraction of stream stars among the field stars. We had to correct this fraction for each of the catalogs of nearby stars used because each sample was subjected to selection to some extent. Our analysis is based on the relative numbers and velocity dispersions given for the streams in other studies (mainly in Zhao et al. 2009 ). In any case, the positions and sizes of the streams that we identified in the U V -diagrams in our samples agree well with the corresponding positions and sizes reported in other studies. As an illustration we show in Fig. 1 the U V -diagram for stars from Casagrande et al. (2011) . We did not seek to select the largest possible number of stars in the streams by increasing the velocity dispersions. Therefore, we set the velocity dispersions equal to the size of the outer rather than inner density contours only for the smallest of our selected streams. We note that Bensby et al. (2007 Bensby et al. ( , 2014 considered the Hercules moving group as a single stream and selected its stars in the vicinity of the point (U, V ) LSR = (−40, −50) km s −1 , with the velocity components measured relative to the Local Standard of Rest. By choosing such center coordinates the authors refer to Famaey et al. (2005) , however, the latter report these values of Table 2 . In the present paper, we stick to the result of Bobylev & Bajkova (2016) , who subdivide this stream into two groups, and the average velocity components for the Hercules stream are completely in good agreement with those reported by other authors. Figure 2a shows the [α/Fe] vs. [Fe/H] diagrams for 13 streams identified in the catalog of Bensby et al. (2014) . Here, the relative abundances of four α-elements, namely, magnesium, silicon, calcium, and titanium, are averaged. The probabilities of star membership in each of the streams are larger than in any of the disk subsystems. We note that the coordinates of the Hercules stream subgroups differ from those reported by Bensby et al. (2014) , and this resulted in a much smaller total number of stream stars identified in our sample. In the figure, field stars with the probability of belonging to the thin disk ten times higher than that of belonging to the thick disk are indicated by small open circles, and stars with the probability of belonging to the thick disk ten times higher than the thin-disk probability are indicated by star symbols. In this case, the kinematic parameters of the subsystems are adopted from Koval' et al. (2009) . Like many other authors, we find that the thin-disk stars show a slight increase in the [α/Fe] ratio with decreasing [Fe/H]. Moreover, starting from around the solar metallicity, Borkova & Marsakov (2005) . Like in the previous figure, field stars with a high probability of belonging to the thin and thick disks are marked in the panel. Although the sequence of field stars for the magnesiumto-iron ratio becomes broader than the corresponding sequence for the average abundance of all four α-elements, and the sequences are no more clearly separated from each other, we can confidently subdivide all stars into two subsystems by the [Mg/Fe] = 0.2 value. As can be seen from the figure, the data of this catalog show that a significant part of stars of the Hercules II subgroup lie not only above the stars of the Hercules I subgroup, but that the stars of the Hercules II subgroup extend further toward negative metallicities. One can also see that the general Bensby et al. (2007) found that the Hercules stream breaks into two (or even three) branches in the age vs. [Fe/H] diagram: one branch follows the dependence for the thin disk, another one, the dependence for the thick disk, and the third branch, which consists of several stars, has a very large age spread in the metallicity range −0.4 < [Fe/H] < 0.0. Fig. 3a shows the diagram based on the data of the catalog of Bensby et al. (2014) , similar to Fig. 4 in their paper, but which also includes stars of other streams investigated in this study. As in Fig. 2 , field stars with a high probability of belonging to the thin and thick disks are marked in the diagram, but the difference between the upper and lower limits of age determination does not exceed 3 Gyr. Due to the small number of stars of the streams, all stellar age determinations are used. In this diagram, the lower straight line and the steeper line segments, which roughly reflect the bifurcation of the age-metallicity relation for field stars, are drawn "by eye". Both disk subsystems show bifurcation, but the line with a small slope reflects approximately the behavior of the majority of thin-disk field stars, whereas the line segments with a steep slope reflect mostly the behavior of thick-disk stars, especially leftwards of the inflection point. The bulk of the stars of the two Hercules subgroups are located near the steeper line segments, while there is only one star of small age with [Fe/H] < −0.3. However, there are four such stars from both subgroups of the stream with ages over 12 Gyr. The figure shows that stars of all streams fit into a quite wide strip, which demonstrates a rapid increase of age with decreasing metallicity. The presence of groups of stars with very large ages in the Hercules streams, which was also found by Bensby et al. (2007) , is immediately apparent in Fig. 3a . Several stars from other streams are also within that area. Figure 3b shows a similar diagram based on the Geneva-Copenhagen survey (Casagrande et al. 2011) . Only the stars with the difference between the lower and upper age limits not greater than 3 Gyr are shown in this figure. The only exceptions are the stars for the least populated streams with V < −50 km s −1 (HR 1614, η Cephei, BB 21 and BB 20) . In Fig. 3b , the dependence for thin-disk field stars is drawn "by eye" as a line with a small slope, whereas the dependence for thick-disk field stars is drawn as a steeper line. We see that the distribution of stars in the age-[Fe/H] diagram based on this catalog differs significantly from the one based on the data from Bensby et al. (2014) . The main difference is that here even the most metal-poor stars of the most populated streams (Sirius, Coma Berenices, Hyades, and Pleiades) have small ages, although there are two very old stars among thin-disk field objects. The stars of both Hercules subgroups show two sequences more distinctly than the stars of all other streams. The steeper sequence of this stream is like the bottom envelope of the ascending branch for stars of other streams. In addition, the figure shows that the stars of the Hercules II subgroup have a broader range of metallicity, both on negative and positive sides. At the same time, the youngest stars of the stream are observed in this subgroup. The streams Wolf 630, Dehnen 6, and BB 17 also show two sequences. The stars of other streams show rapid increase of age with decreasing metallicity.
DEPENDENCE OF RELATIVE ABUNDANCES OF ALPHA-ELEMENTS ON METALLICITY

DEPENDENCE OF METALLICITY ON AGE
CONCLUSIONS
The data from three independent catalogs show slightly different properties for each of the stellar streams studied. In particular, the age-metallicity diagrams based on the data from the catalogs of Bensby et al. (2014) and Casagrande et al. (2011) do not agree with each other. Although the bifurcation of the sequence can be traced in both cases, the stars of all streams identified from the Bensby et al. (2014) catalog fit into a broad sequence, reflecting a rapid increase of age with decreasing metallicity. According to the catalog of Casagrande et al. (2011) , the stars of the four most populated streams with the velocity components close to solar are located on a slightly sloping sequence, whereas the stars of the streams with smaller angular momenta follow a steeper sequence. According to the catalog of Bensby et al. (2014) The stars of two subgroups of the Hercules stream selected in Bobylev & Bajkova (2016) show different properties. In particular, the stars of the Hercules II subgroup have, as a rule, higher relative α-element abundances at the same metallicity and a broader metallicity range than the stars of the Hercules I subgroup. However, these subgroups show the same behavior in the age vs. [Fe/H] diagram.
We can thus conclude that the chemical composition and ages of stream stars do not differ fundamentally from those of other field stars with spatial velocities close to solar. In many groups, as well as among the field stars, there are stars with the chemical composition significantly different from solar. Apparently, such stars might have appeared in the solar neighborhood by acquiring small residual velocities due to resonance effects of the central bar and spiral density waves acting on the field and open-cluster stars born closer to the Galactic center, where the history of star formation was somewhat different from the corresponding history at the solar Galactocentric distance.
